Award  Number:  DAMD17-03-1-0317 


TITLE:  Regulation  of  Cell  Cycle  by  BCCIP,  a  BRCA2  and  CDKNl(p21) 

Interacting  Protein 


PRINCIPAL  INVESTIGATOR:  Zhiyuan  Shen 


CONTRACTING  ORGANIZATION:  University  of  New  Mexico  Health 

Sciences  Center 
Albuquerque,  NM  87131-0001 

REPORT  DATE:  June  2004 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


r  : 

20040830  017 


V 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  074-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources  gathering  and  maintaininn 
the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information  inducting  suggestions  for  9 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington  VA  22202-4302  and  to  the  OffirTr* 
Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503  _ _ _  .  '  ' .  uince  of 


1.  AGENCY  USE  ONLY 
(Leave  blank) 


2.  REPORT  DATE 

June  2004 


3.  REPORT  TYPE  AND  DATES  COVERED 

Annual  (1  May  2003  -  30  Apr  2004) 


4.  TITLE  AND  SUBTITLE 

5.  FUNDING  NUMBERS  ”  ~ 

Regulation  of  Cell  Cycle  by  BCCIP,  a  BRCA2  and  CDKNl(p21) 
Interacting  Protein 

DAMD17-03-1-0317 

6.  AUTHOR(S) 

Zhiyuan  Shen 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  New  Mexico  Health 

Sciences  Center 

Albuquerque,  NM  87131-0001 

8.  PERFORMING  ORGANIZATION  ■ 

REPORT  NUMBER 

E-Mail:  zshen@salud .  unm.  edu  ... 

9.  SPONSORING  /  MONITORING 

AGENCY  NAME(S)  AND  ADDRESStES) 

U . S .  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Maryland  21702-5012 

10.  SPONSORING  /  MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 
Approved  for  Public  Release;  Distribution  Unlimited 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  Words)  “  " 

DAMD17-03-1-0317  is  an  IDEA  award  that  focuses  on  the  roles  of  BCCIP  in  cell  cycle  regulation.  The 
approaches  are  over-expression  and  down-regulation  of  BCCDP  by  RNAi.  The  project  has  been  moving  on 
smoothly  in  the  first  12  months.  We  have  accomplished  the  scientific  objectives  of  tasks  1-3,  and  50%  of  tasks 
4-5.  We  have  published  one  paper  based  on  this  study.  As  an  un-anticipated  discovery,  we  have  found  that 
BCCIP  also  regulates  p21  expression.  This  finding  further  strengthens  our  central  hypothesis  that  BCCIP 
regulates  cell  cycle  control.  In  the  next  funding  year,  we  will  strive  to  accomplish  the  objectives  of  tasks  5-6. 


14.  SUBJECT  TERMS 

BCCIP,  BRCA2,  p21 ,  cell  cycle  control 

17.  SECURITY  CLASSIFICATION 

18.  SECURITY  CLASSIFICATION 

19.  SECURITY  CLASSIFICATION 

OF  REPORT 

OF  THIS  PAGE 

OF  ABSTRACT 

Unclassified 

Unclassified 

Unclassified 

15.  NUMBER  OF  PAGES 

11 

16.  PRICE  CODE 

20.  LIMITATION  OF  ABSTRACT 

Unlimited 


Prescribed  by  ANSI  Std.  Z39-18 
298-102 


Table  of  Contents 


Cover . 1 

SF  298 . 2 

Table  of  Contents . 3 

Introduction . 4 

Body . 4 

Key  Research  Accomplishments... . 5 

Reportable  Outcomes . . . 5 

Conclusions . 5 

References . 5 

6 


Appendices 


Annual  report:  DAMP  17-03 -1-03 17 


PI:  Zhiyuan  Shen 


Regulation  of  Cell  Cycle  by  BCCIP,  a  BRCA2  and  CDKN1A  (Cip1/p21) 

Interacting  Protein 


Introduction 

DAMD 17-03 -1-03 17  is  an  IDEA  award  that  focuses  on  the  roles  of  BCCIP  in  cell  cycle 
regulation.  The  approaches  are  over-expression  and  down-regulation  of  BCCIP  by  RNAi.  The 
project  has  been  moving  on  smoothly  in  the  first  12  months  of  the  award.  We  have  begun 
gaining  significant  insight  on  the  roles  of  BCCIP  in  cell  cycle  control. 

Body  of  Report 

Tasks  1-3  are  related  to  specific  aim  1.  It  involves  the  construction  of  an  inducible  BCCIPp 
expression  system  (task  1),  and  determination  of  its  effects  on  cell  growth  (task  2)  and  cell  cycle 
progression  (task  3).  The  original  plan  was  to  use  MCF7  cells  but  HT1080  was  proposed  as  an 
alternative.  Cell  growth  inhibition  by  BCCIP  has  been  measured  in  MCF7  and  several  other  cell 
lines  as  planned.  However,  we  noticed  that  cell  cycle  measurement  was  more  reproducible  in 
HT1080  cells  than  MCF7  cells.  Thus,  we  have  moved  on  to  use  the  alternative  HT1080  cell  line 
when  cell  cycle  measurement  is  involved.  The  results  have  been  included  in  a  publication  (see 
appendix  1  for  details).  The  main  conclusions  from  this  study  were  that  over-expression  of 
BCCIP  inhibits  cell  growth  (including  MCF7  cells)  (Figures  2  and  3  of  Appendix  1),  and  delays 
the  progression  of  G1  to  S  transition  (Figure  5  in  Appendix  1).  However,  we  did  not  observe  any 
significant  effect  of  BCCIP  overexpression  on  G2/M  transition.  Therefore,  we  consider  the 
objectives  of  tasks  1-3  have  been  achieved. 

One  unanticipated  result  from  tasks  1-3  was  that  p21  expression  can  be  induced  by 
BCCIP  expression  (Figure  6  of  Appendix  1).  This  is  a  significant  novel  finding,  since  it 
implicates  that  BCCIP  may  regulate  p21  function  by  at  least  two  pathways,  i.e.  by  regulating  p21 
expression,  and  by  directly  interacting  with  p21. 

Tasks  4  and  5  are  to  determine  the  genetic  interactions  between  p21,  BRCA2  and  BCCIP  genes 
in  cell  cycle  control  by  over-expressing  BCCIP  in  BRCA2  and  p21  deficient  cells.  We  have 
found  that  over-expression  of  BCCIP  resulted  in  reduced  cell  growth  inhibition  in  a  p21  deficient 
background  (Figure  4  of  Appendix  1).  Because  deficiency  of  p21  itself  results  in  cell  cycle 
deregulation,  we  did  not  observe  further  defect  in  Gl/S  checkpoint  even  BCCIP  was  over¬ 
expressed.  Therefore,  we  consider  the  objectives  on  genetic  interaction  between  p21  and  BCCIP 
have  been  accomplished.  We  will  concentrate  on  the  genetic  interaction  between  BRCA2  and 
BCCIP  in  the  context  of  cell  cycle  control  in  the  future. 

The  finding  that  over-expression  of  BCCIP  induces  p21  levels  (tasks  1-3)  has  led  us  to 
investigate  whether  down-regulation  of  BCCIP  results  in  reduced  p21  expression.  Because 
BRCA2  regulates  p53  activity  and  p21  expression,  we  further  hypothesize  that  BCCIP  may 
regulate  p21  expression  by  a  BRCA2  dependent  pathway.  This  will  serve  as  an  ideal  platform  to 
accomplish  the  rest  objectives  of  tasks  4-5,  i.e.  the  genetic  interaction  between  BCCIP  and 
BRCA2  in  regulating  cell  cycle.  This  will  be  our  focus  in  the  next  12  month. 

Tasks  6-7  will  establish  cell  lines  with  impaired  BCCIP  function  to  determine  the  role  of  BCCIP 
in  cell  cycle.  We  have  initiated  experiments  using  RNAi  interference  to  achieve  this  goal.  We 
have  made  retrovirus  and  adenovirus  based  short  hairpin  RNA  expression  systems  to  achieve  the 
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objectives  of  tasks  6-7.  We  anticipate  reporting  the  results  of  these  studies  in  the  next  annual 
report. 

Task  8:  we  have  published  1  manuscript  (appendix  1).  We  anticipate  that  at  least  one 
manuscript  will  be  submitted/published  in  the  next  12  months. 

Key  Research  Accomplishments 

•  We  have  confirmed  that  BCCIPp  also  interacts  with  p21 

•  Using  an  inducible  system,  we  have  demonstrated  that  overexpression  of  BCCIP  delays 
G1  to  S  transition 

•  We  have  shown  a  p2 1  -dependent  growth  inhibition  by  over-expressed  BCCIP 

•  We  have  found  a  potential  novel  mechanism  by  which  BCCIP  may  regulate  p21  function, 
i.e.  via  the  regulation  of  p21  expression 

Reportable  Outcome 

One  publication  (attached  as  appendix  1): 

Xiangbing  Meng,  Jingmei  Liu,  and  Zhiyuan  Shen,  Inhibition  of  G1  to  S  Cell  Cycle 
Progression  by  BCCIPp.  Cell  Cycle,  2004,  3:343 

Conclusions 

The  major  scientific  findings  in  the  last  12  months  are:  BCCIP  regulates  p21  expression 
and  inhibits  G1  to  S  progression.  This  suggests  a  critical  role  of  BCCIP  in  cell  cycle  control.  We 
have  accomplished  the  objectives  of  tasks  1-3,  and  50%  of  the  tasks  4-5.  RNA  silencing  vectors 
to  be  used  for  tasks  6-7  have  been  constructed. 
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ABSTRACT 

The  BCCIPa  protein  was  identified  as  a  BRCA2  and  CDKN1 A  (p21,  or  p2 1  WafT/Cip1) 
interacting  Protein.  It  binds  to  a  highly  conserved  domain  proximate  to  the  C-terminus  of 
BRCA2  protein  and  the  C-terminal  domain  of  the  CDK-inhibitor  p21 .  Previous  reports  showed 
that  BCCIPa  enhances  the  inhibitory  activity  of  p21  toward  CDK2  and  that  BCCIPa 
inhibits  the  growth  of  certain  tumor  cells.  Here  we  show  that  a  second  isoform,  BCCIPp, 
also  binds  to  p21  and  inhibits  cell  growth.  The  growth  inhibition  by  BCCIPp  can  be  partially 
abrogated  in  p21  deficient  cells.  Overexpression  of  BCCIPp  delays  the  G1  to  S  progression 
and  results  in  an  elevated  p21  expression.  These  data  suggest  BCCIPp  as  a  new  regulator 
for  the  G^S  cell  cycle  progression  and  cell  growth  control. 


INTRODUCTION 

The  human  BCCIPa  (also  named  Tok-1  a)  was  independently  identified  by  two 
groups  as  a  BRCA2  and  p21  Wafl/ClP1  (referred  as  p21  hereafter)  interacting  protein.1’2  The 
BCCIPa  interacting  domain  of  BRCA2  (amino  acids  2973-3033)  resides  in  a  recently 
termed  OB2  domain  according  to  the  BRCA2  crystal  structure.1,3  The  BCCIPa  interacting 
domain  of  p21  locates  at  the  C-terminus  overlapping  the  PCNA  binding  domain  and  the 
AKT  phosphorylation  region  of  p21.2,4'6  Overexpression  of  BCCIPa  inhibits  cell  growth1 
and  enhances  the  inhibitory  activity  of  p21  toward  the  histone  HI  kinase  activity  of 
CDK2,  suggesting  a  role  for  BCCIPa  in  Gj/S  cell  cycle  control.2  A  second  isoform, 
BCCIPp,  has  also  been  identified.1,2  These  two  iso  forms,  BCCIPa  (322  amino  acids)  and 
BCCIPp  (314  amino  acids),  are  products  of  alternative  splicing  of  a  single  gene  on  chromo¬ 
some  10q26,  and  they  share  258  identical  N-terminal  amino  acids.7  In  addition,  certain 
cancer  tissues  and  cell  lines  display  reduced  expression  of  BCCIPa  and  BCCIPp.1,7 
However,  it  was  not  clear  whether  or  not  BCCIPP  also  plays  a  role  in  Gj/S  control. 

Ono  et  al  mapped  the  p21  interacting  region  to  an  internal  BCCIPa  domain  that  is 
shared  with  BCCIPp,2  which  would  suggest  an  interaction  between  BCCIPp  and  p21. 
Yet,  the  same  report  was  not  able  to  demonstrate  this  interaction  using  an  in  vitro  protein 
binding  assay.2  In  addition,  it  was  not  known  whether  BCCIPp  would  inhibit  cell  growth 
as  BCCIPa  did.  The  purpose  of  this  report  is  to  clarify  these  issues.  We  show  that 
BCCIPp  also  interacted  with  p21  in  vivo  and  inhibited  cell  growth.  We  further  show  that 
BCCIPp  delayed  the  Gj-S  progression  during  the  cell  cycle.  In  addition,  the  cell  growth 
inhibition  effects  of  BCCIPa  and  BCCIPP  was  partially  abrogated  by  p21  defect,  and 
overexpression  of  BCCIPa  or  BCCIPp  stimulated  p21  expression.  These  data  suggest 
BCCIPp  as  a  new  regulator  for  Gj-S  progression. 

MATERIAL  AND  METHODS 

Cell  Culture  and  Gene  Transfection.  HT1080  cells  were  cultured  in  a-MEM  medium  (Gibco 
BRL,  Grand  Island,  NY).  HeLa,  MCF7,  293,  A172,  HCT116/p21'/-(8054)  and  HCT116/p21+/+ 
cells  were  cultured  in  DMEM  medium  (Hyclone,  Logan,  UT).  All  cell  culture  medium  were  supple¬ 
mented  with  10%  fetal  calf  serum  (Nova-Tech  Inc.,  Grand  Island,  NE)  and  1%  Penicillin/ 
Streptomycin  (Bio whittaker,  Walkersville,  MD).  Plasmid  DNA  transfection  into  mammalian  cells 
was  performed  with  the  Geneporter  transfection  kit  (Gene  Therapy  Systems  Inc.,  San  Diego,  CA), 
and  retroviral  mediated  gene  transfer  was  performed  as  previously  described.1 

Doxcycline  (Doc)-Inducible  BCCIPp  Expression.  Doc-inducible  overexpression  of  BCCIPp  in 
HT1080  cells  was  established  by  pRevTet-ON  system  (Clontech,  Palo  Alto,  CA).  HA-tagged 
BCCIPp  were  cloned  into  pREV-TRE  (Clontech,  Palo  Alto,  CA)  via  the  Sail  site  while  under  the 
control  of  the  tetracycline-responsive  element  (TRE),  resulting  in  pREV-TRE/HA-BCCIPp.  The 
latter  vector  was  introduced  via  retroviral  infections  into  HT1080  cells  that  had  been  previously 
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Figure  1.  Interaction  between  BCCIP  and  p21.  (A)  Equal  amounts  of  whole 
cell  extract  (WCE)  from  HCT1 16  cells  were  incubated  with  agarose  resin 
conjugated  with  mouse  anti-p21  monoclonal  antibody  to  precipitate  endoge¬ 
nous  p21  protein  flane  1),  Nonspecific  mouse  IgG  conjugated  to  the  same 
resin  was  used  as  the  negative  control  (lane  2).  lane  3  is  the  whole  cell 
extract.  The  top  panel  was  blotted  with  rabbit  anti-BCCIP  antibodies,  and 
the  bottom  panel  was  blotted  with  anti-p21  antibody.  The  figure  shows  that 
endogenous  BCCIPap  proteins  can  be  coprecipitated  with  p2 1 .  (B)  Whole 
cell  extract  from  p21  wild  type  {lanes  wt)  and  p21  deficient  (lanes  p21*/j 
HCT1 1 6  cells  were  precipitated  by  anti-p21  monocloncal  antibody  conjugated 
with  agarose  resin.  The  coprecipitated  endogenous  BCCIP  proteins  were 
visualized  by  anfi-BCCIP  blot  (top  panel).  The  precipitated  p21  was  visualized 
by  anti-p2 1  blot  (bottom  pane!).  This  figure  shows  that  BCCIPa(5  can  only  be 
coprecipitated  with  the  anfi-p21  resin  from  the  p21  wild  type  cells,  but  not 
the  p21  deficient  cells. 


transfected  with  the  pTet-On  vector  that  expressed  rtTA  transcription  factor. 
Selection  in  neomycin  and  hygromydn  resulted  in  a  Doc-inducible  HA- 
BCCIPp  expressing  cell  line  designated  HTlOSO/TetOn-BCCIPp,  Doc- 
induced  HA- BCCIP (3  expression  in  this  cell  line  was  confirmed  by  anti- HA 
immunoblot, 

DNA  Content  Based  Cell  Cycle  Analysis,  The  method  originally 
described  by  Vindelov  et  al  was  adapted  to  stain  nuclear  DNA  for  flow 
cytometry  analysis.8  Briefly  cells  were  trypsinized,  washed  with  PBS,  and 
fixed  with  70%  ethanol.  Then  cells  were  pelleted,  washed  with  PBS,  and 
resuspended  in  200  fil  of  citrate  buffer  (250  mM  Sucrose,  0,05%  DMSO, 
40  mM  Trisodium  citrate,  pH7 .6).  Nine  hundred  microliters  of  Solution  A 
[0,003%  trypsin  in  stock  buffer  (3.4  mM  Trisodium  citrate,  0.1%  Nonidet 
P  40, 1.5  mM  Spermine  tetrahydrochloride,  0,5  mM  Trizma,  pH  7.6)]  were 
added  and  cells  were  incubated  at  room  temperature  for  10  minutes. 
Afterwards,  750  |il  of  Solution  B  (0.025%  Trypsin  inhibitor,  0,01% 
Ribonuciease  A  In  stock  buffer)  was  added  for  another  incubation  of  10 
minutes  at  room  temperature.  Then,  750  pi  of  Solution  C  (0,0416% 
Propidium  iodide,  3,3  mM  Spermine  tetrahydorchloride  in  stock  buffer) 
was  added  to  the  cells,  which  were  then  ready  for  flow  cytometry  analysis. 
In  each  assay,  20,000  cells  were  collected  by  FACScan  (Becton  Dickinson, 
San  Jose,  CA)  and  analyzed  by  CellQuest  software  provided. 

Antibodies  and  Astern  Blot.  Cells  were  treated  in  lysis  buffer  (50  mM 
HEPES  pH7.6,  250  mM  NaCl,  5  mM  EDTA,  0.1%  NP-40).  Proteins  were 


m 

"S 

O 

o  120 


m 

n 

E 


> 

JS 

<D 

Of 


80 

40 

0 


□  Control  □  BCCiPa  ■  BCCIPp 


✓  / 


iSr 


Cell  Lines 


<o- 

*  ^ 


Figure  2.  Inhibition  of  cell  growth  by  retrovlral-mediated  BCCIP  expression 
Heta#  MCF7,  293f  A172  and  HT1080  cells  were  plated  at  0,1  x  106 
cells/ml.  Eighteen  hours  after  plating,  the  cells  were  infected  with  viruses 
that  expressed  HA-BCCIPa  and  HA-BCCIPp,  Virus  packed  with  vacant  vector 
was  used  as  control.  Infected  cells  were  selected  with  puromycin  for  96 
hours  and  allowed  to  grow  for  an  additional  3  days.  The  numbers  of  cells 
were  then  determined  by  counting.  Shown  are  the  relative  numbers  of  cells 
normalized  to  the  cells  infected  with  vacant  control  vectors. 


separated  by  10%  SDS-PAGE.  BCCIP  or  p21  were  detected  by  appropriate 
specific  antibodies.  Anti-p21  antibodies  were  purchased  from  BD 
Transduction  Laboratories  (Lexington,  KY),  The  anti-BCCIP  antibodies 
have  been  described  previously,1  In  certain  cases,  p-actin  monoclonal  anti¬ 
body  was  used  to  confirm  that  equal  amount  of  protein  quantity  was  loaded 
in  each  samples, 

Immunoprecipitations.  To  precipitate  the  endogenous  p21  protein,  the 
Ab3  mouse  anti-p21  monoclonal  antibody  (Oncogene  Research 
Products™,  La  Jolla,  CA)  was  immobilized  to  protein  G  agarose  beads  by 
Seize™X  Mammalian  Immunoprecipitation  Kit  (Pierce,  Rockford,  IL), 
Equal  amount  of  nonspecific  mouse  IgG  conjugated  agarose  (Santa  Cruz 
Biotechnology,  Santa  Cruz,  CA)  was  used  as  negative  control.  Cells  were 
washed  with  PBS,  pelleted,  treated  with  lysis  buffer  (50  mM  Tris-HCl  PH 
7,5,  150  mM  NaCl,  0.5%  Tween-20,  0,25%  NP-40,  1  mM  Ns^V04,  100 
JUg/ml  PMSF,  20  (Ig/ml  aprotinin,  10  jlg/mi  Leupeptin.),  sonicated,  and 
centrifuged  for  10  min  at  15,000  rpm.  The  supernatant  (whole  cell  extract) 
was  treated  with  Benzonase  nuclease  (Novagene,  Madison,  WI),  which 
digests  DNA  and  RNA  to  eliminate  their  potential  interference  in  protein 
complex  formation.  One  mg  whole  cell  extracts  was  Incubated  with 
agarose/anti-p21  conjugates  for  4  hours  at  4*C  with  rotation.  Then,  the 
agarose  beads  were  washed  10  times  with  RIPA  buffer  (IX  PBS,  1%  NP-40, 
0.5%  DOC,  0.1%  SDS,  1  mM  Na3V04,  100  pg/ml  PMSF,  20  |ig/ml 
aprotinin,  10  pg/ml  Leupeptin),  Precipitated  proteins  were  visualized  by 
Western  blot  using  appropriate  antibodies  (see  figure  legends  for  specifics). 

Northern  Blot  for  p21  mRNA.  Total  RNA  was  extracted  by 
RNAqueous™  kit  (Ambion,  Houston,  TX).  Twenty  pg  of  total  RNA  from 
each  cell  line  was  resolved  on  a  0,8%  agarose  gel  containing  formaldehyde 
and  then  blotted  to  nylon  membranes  by  capillary  transfer.  The  membranes 
were  hybridized  to  a  full-length  p21  cDNA  labeled  with  32P-dCTP  by 
Ready-To-Go™  DNA  labeling  kit  (Amersham  Pharmacia,  PIscataway,  NJ), 
The  blot  was  hybridized  overnight  at  42°C  with  p21  probe  in 
ULTRAhyb™  buffer  (Ambion  Inc,  Houston,  TX),  washed  three  times  for 
5-10  minutes  at  room  temperature  with  2  x  SSC  and  0.1%  SDS,  and  then 
three  times  for  15  minutes  at  42°C  with  0.1  x  SSC  and  0.1%  SDS.  The 
same  membrane  were  stripped  and  rehybridized  with  p-actin  probes.  The 
hybridized  p21  mRNA  signals  were  scanned  with  STORM  Phosphorlmager 
and  quantified  by  the  SPOTFINDER  softerware  (Molecular  Dynamics, 
Sunnyvale,  CA), 
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Figure  4.  The  inhibition  of  cell  growth  by  BCCIP  is  partially  dependent  on 
p21  status.  p21‘/‘  and  p21  wild  type  HCT1 16  cells,  which  are  an  isogenic 
set  of  human  colon  adenocarcinoma  cell  lines  differing  only  in  their  p21  sta¬ 
tus,  were  seeded  in  60mm  plates  at  1  x  106  cells/ml.  Eighteen  hours  after 
the  plating,  the  cells  were  transfected  with  equal  amounts  of  plasmids  that 
expressed  HA-BCCIPa  or  HA-BCCIPp  and  selected  with  puromycin  for  2 
weeks.  Survival  cells  were  then  counted.  Shown  are  the  relative  numbers  of 
cells  normalized  to  the  same  cell  lines  transfected  with  control  vector.  This 
figure  shows  that  deficiency  of  p21  partially  abrogates  the  cell  growth  inhi¬ 
bition  conferred  by  HA-BCCIPa  and  HA-BCCIPp. 


Figure  3.  Expression  of  BCCIP  reduces  colony  formation.  (A)  Expression  of 
exogenous  BCCIPa  and  BCCIPp  in  HeLa  and  HT1080  cells  shortly  after  the 
transfection.  Half  million  of  HeLa  and  HT1080  cells  were  transfected  with 
10  pg  of  plasmid  vectors  expressing  HA-BCCIPa  or  HA-BCCIPp.  Control 
groups  were  transfected  with  vacant  vector.  Forty-eight  hours  after  the  transfec¬ 
tion,  equal  amounts  of  protein  were  analyzed  for  HA-BCCIPa  and  HA-BCCIPp 
expression  by  anti-HA-blot  (top  panel).  Anti-actin  blot  (bottom  panel)  was 
used  to  confirm  loading  of  equal  amount  of  total  proteins.  (B)  Inhibition  of 
cell  growth  by  BCCIPa  and  BCCIPp  identified  by  colony  formation.  Half  million 
of  HeLa  and  HT1080  cells  were  transfected  with  10  pg  of  plasmid  vectors 
expressing  HA-BCCIPa  (column  2)  or  HA-BCCIPp  (column  3).  Control  groups 
were  transfected  with  vacant  vector  (column  1 ).  Stably  transfected  cells  were 
selected  with  puromycin  and  visualized  by  crystal  violet  staining  after  two 
weeks  of  selection. 


RESULTS 

Interactions  Between  Endogenous  BCCIPp  and  p21.  The  interaction 
between  p21  and  BCCIPa/Tok-la  was  originally  reported  by  Ono,  et  al.2 
Here,  we  reinvestigate  the  p21 -BCCIP  interaction  for  the  following  reasons. 
First,  the  interaction  between  BCCIPoc  and  p21  was  demonstrated  by  several 
methods,  including  yeast  two-hybrid  system,  in  vitro  protein  interaction 
assay  using  recombinant  proteins  purified  from  bacteria,  coimmunopre- 
cipitation  with  exogenously  expressed  p21  and  BCCIP,  and  intracellular 
colocalization  visualized  by  immunostaining.  Yet,  no  confirmation  using 
endogenous  p21  and  BCCIP  proteins  was  documented.2  Second,  the 
p21 -interaction  domain  was  mapped  to  amino  acids  161-259  of  BCCIPa 
which  are  also  present  in  BCCIPp.2  Although  this  implied  a  potential 
interaction  between  BCCIPp  and  p21,  the  same  report  was  not  able  to 
detect  it  using  in  vitro  protein  binding  assays.2  Third,  BCCIPp  expression 
is  more  abundant  than  BCCIPa  in  many  cell  lines  and  tissues1  and  its 
expression  was  reduced  in  certain  human  tumor.7  Therefore,  it  is  imperatively 
important  to  clarify  whether  endogenous  BCCIPp  interacts  with  p21.  We 
covalently  conjugated  a  monocolonal  anti-p21  antibody  to  an  agarose  resin. 
This  minimized  the  interference  of  soluble  IgG  in  the  subsequent  immuno- 
identification  of  coprecipitated  BCCIP  proteins.  As  shown  in  Figure  1A, 
resin-conjugated  with  anti-p21  antibody  effectively  precipitated  the  endogenous 


BCCIPa  and  BCCIPp,  while  nonspecific  mouse  IgG  did  not.  To  confirm 
this  result,  the  whole  cell  extracts  (WCE)  from  p21 -deficient  HCTll6/p2T/' 
and  the  parental  p21 -proficient  HCT1 16  cells  were  precipitated  by  the  same 
anti-p21  agarose  resin  as  in  Figure  1A.  As  shown  in  Figure  IB,  endogenous 
BCCIPa  and  BCCIPP  can  only  be  precipitated  from  the  p21  proficient  cell, 
and  not  from  the  p21  deficient  cells.  These  data  confirmed  that  endogenous 
BCCIPa  interacts  with  p21  and  also  suggested  that  BCCIPp  interacts  with 
p21.  However,  BCCIPp  seems  have  a  weaker  interaction  with  p21  than 
BCCIPa. 

Growth  Inhibition  by  BCCIPp.  In  a  previous  study,  we  reported  that 
overexpression  of  BCCIPa  moderately  inhibits  the  growth  of  certain  cancer 
cells.1  These  data  were  obtained  from  cell  lines  infected  with  retroviruses 
that  constitutively  overexpressed  BCCIPa.  Considering  that  BCCIPp  interacts 
with  p21  and  shares  258  identical  N-terminal  amino  acids  with  BCCIPa, 
we  tested  whether  expression  of  BCCIPP  may  affect  cell  growth  using  the 
retroviral  approach  as  described  previously.1  We  found  that  retroviral- 
mediated  overexpression  of  BCCIPp  indeed  inhibited  cell  growth  among 
the  cell  lines  tested  (Fig.  2).  Furthermore,  BCCIPp  inhibited  cell  growth  at 
a  greater  extent  than  BCCIPa. 

To  confirm  this  result,  colony  formation  experiments  were  performed. 
We  transfected  equal  amounts  of  a  BCCIPa  and  BCCIPp  expression  vectors 
bearing  a  puromycin  selection  marker  into  HeLa  and  HT1080  cell  and 
selected  for  puromycin-resistant  cells  for  two  weeks.  Figure  3A  shows  the 
levels  of  exogenously  expressed  BCCIPa  and  BCCIPp  proteins  shortly  after 
the  transfection.  Transfection  of  vectors  expressing  BCCIPa  or  BCCIPp 
resulted  in  fewer  surviving  colonies  when  compared  to  control  (Fig.  3B).  In 
addition,  fewer  surviving  cells  were  observed  on  dishes  transfected  with 
BCCIPp-expressing  vector  than  that  of  BCCIPa  (Fig.  3B).  These  data 
confirmed  that  BCCIPp  inhibits  cell  growth  and  suggested  that  BCCIPp 
has  a  stronger  inhibitory  effect  on  cell  growth  than  BCCIPa.  The  apparent 
discrepancy  between  this  stronger  inhibition  on  cell  growth  by  BCCIPp 
(Figs.  2  and  3)  and  the  weaker  BCCIPp-p21  interaction  (Fig.  1)  will  be 
addressed  later. 

The  Inhibition  of  Cell  Growth  by  BCCIP  Can  Be  Partially  Abrogated 
by  p21  Deficiency.  Because  BCCIPa  and  BCCIPp  interact  with  p21,  it  is 
possible  that  BCCIPap  may  inhibit  cell  growth  through  a  p21 -dependent 
mechanism.  To  test  this,  we  transfected  equal  amounts  of  BCCIPa  and 
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BCCIPp  expression  vectors  into  p21'^  and  p21 
wild  type  HCT116  cells,  which  are  a  pair  of 
isogenic  human  colon  adenocarcinoma  cell  lines 
differing  only  in  their  p21  status,9  After  selection 
of  puromycin-resistant  cells,  we  found  that 
overexpression  of  either  BCCIPoc  or  BCCIPP 
inhibits  cell  growth  in  p21  wild  type  HCT116 
cells  as  expected  (Fig.  4),  How  the  inhibition 
of  cell  growth  by  BCCIPa  or  BCCIPP  is  partially 
abrogated  in  p2T^  HCT116  cells.  These  data 
suggest  that  the  growth  inhibition  of  BCCIPap 
is  at  least  partially  dependent  on  a  functional 
p2L  However,  the  growth  inhibition  by  BCCIP 
in  p21'/'  cells  was  not  returned  to  the  same  level 
of  the  control,  implying  additional  mechanism 
other  than  p21  may  be  responsible  for  further 
inhibition  of  cell  growth.  This  remains  to  be 
identified. 

Overexpression  of  BCCIPp  Causes  Delayed 
Gj  to  S  Progression.  To  address  the  cellular 
mechanism  by  which  BCCIPp  inhibits  cell 
growth,  we  asked  whether  BCCIPp  inhibits  the 
Gj/S  transition  as  it  interacts  with  p21. 
BCCIPp  and  HT108O  cells  were  used  because 
HT1O80  has  wild  type  p53,  and  BCCIPp  inhib¬ 
ited  HT1080  growth  more  than  BCCIPa  did 
(Figs.  2  and  3).  We  constructed  a  Dox-inducible 
BCCIPp  overexpressing  HT1080  cell  line  (Fig, 
5A).  As  predicted,  when  BCCIPp  overexpression 
is  induced,  the  growth  rate  of  HTI08O  cells  is 
inhibited  (Fig,  5B),  To  measure  the  Gj-S  progres¬ 
sion,  we  treated  cells  with  0.1  (Ig/ml  nocodazole 
to  block  cells  at  M  phase  so  that  no  new  Gj  cells 
could  be  generated.  Therefore,  the  gradual 
disappearance  of  the  Gj  peak  could  be  used  to 
evaluate  the  dynamics  of  the  Gj-S  progression. 
As  shown  in  Figure  5C,  the  Gj  phase  peak  in 
the  control  cells  nearly  disappeared  by  8  hours 
after  addition  of  nocodazole  (columns  1  and  2), 
while  a  significant  amount  of  BCCIPP-overex- 
pressing  cells  were  retained  in  Gj  phase  in  the 
same  period  (column  3).  Some  BCCIPp-overex- 
pressing  cells  remained  in  Gj  phase  for  up  to  24 
hours  after  die  nocodazole  block  was  administrated 
(column  3),  These  data  suggest  BCCIPP  as  an 
inhibitor  for  Gj-S  progression,  proving  a  cellular 
mechanism  by  which  BCCIPp  inhibits  cell 
growth. 

Overexpression  of  BCCIPp  Results  in 
Elevated  p21  Levels.  Although  Figure  5  has 
provided  cellular  evidence  for  BCCIPp  as  a  regulator 
for  G|-S  progression,  the  molecular  mechanisms 
by  which  BCCIPp  regulates  Gj-S  progression  is 
unclear.  Ono  et  al  suggested  that  the  interaction 
between  BCCIPa  and  p21  resulted  in  an 
enhanced  inhibitory  activity  of  p21  toward  the 
histone  HI  kinase  activity  of  CDK2,2  It  would 
be  logical  to  speculate  that  BCCIPp  also  inhibits 
CDK2  activity  because  BCCIPp  interacts  with 
p21.  However,  this  does  not  explain  a  previously 
observed  discrepancy  between  Figure  1  and 
Figure  2,  Even  though  BCCIPp  had  weaker 
interaction  with  p21  than  BCCIPa  (Fig.  1),  it 
had  a  stronger  inhibition  on  cell  growth  than 
BCCIPpa  (Figs,  2  and  3),  We  sought  for  an 
alternative  explanation. 


Figure  5,  Induced  BCCIPp  overexpression  delays  the  GrS  progression.  (A)  Doc-inducible  BCCIPp  expres¬ 
sion  in  HT1080  cells.  HA-tagged  BCCIPp  was  cloned  into  pREV-TRE  (Clontech),  which  was  Introduced 
via  retroviral  infections  into  HT1080  cells  that  had  been  previously  transfected  with  pTet-On  vector.  This 
resulted  in  a  Doc-inducible  HA-BCCIPp  expressing  cell  line,  designated  HT1080/TetOn-BCCIPp.  Shown 
in  the  top  panel  is  the  exogenously  expressed  HA-BCCIPp  levels  detected  by  anti-HA  antibodies.  The 
same  membrane  was  reblotted  with  anti-acfin  (bottom  panel)  to  confirm  loading  of  equal  amounts  of  protein 
for  each  sample.  As  shown,  HA-BCCIPp  was  significantly  induced  by  addition  of  Doc  in  this  cell  line 
(lane  3)  compared  to  noninduced  condition  (lane  2).  The  control  cell  line  (lane  1)  is  the  wild  type 
HT1080  cells  treated  with  Doc.  (Bj  Induced  BCCIPp  expression  inhibits  cell  growth.  Shown  are  the 
growth  curves  of  a  wild  type  HT1080  cells  (triangle),  HT1 080/TetOn-BCCIPp  cells  with  noninduced 
BCCIPp  expression  (square),  and  HTlOBO/TetOn-BCCIPp  cells  with  induced  BCCIPp  expression  (circle). 
This  figure  shows  that  induced  BCCIPp  overexpression  inhibits  HT108G  growth.  (C)  Induced-BCCIPp 
expression  delays  GpS  progression.  HTlOSO/TetOn-BCCIPp  cells  as  in  panel  A  were  treated  with  Doc 
for  3  days  to  induce  BCCIPp  expression  (column  3).  Control  groups  are  mock-induced  HT1  Q80/TetOn- 
BCCIPp  (column  2)  or  wild  type  HT1080  treated  with  Doc  (column  1).  Then,  0.1  pg/ml  of  nocodazole 
(Noc)  was  added  to  the  cells.  Various  times  after  continuous  Noc  treatment  (labeled  on  the  left)  cells  were 
collected  for  flow  cytometric  DNA  content  analysis.  The  percentage  of  cells  in  G]t  3,  and  G2/M  are 
shown  in  each  panel.  The  gradual  disappearance  of  the  Gppeak  represents  the  transition  of  Gpphase 
cells  into  S-phase.  This  figure  shows  that  overexpress  ton  of  BCCIPp  delays  the  GyS  transition. 
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Figure  6.  Overexpression  of  BCCIP  stimulates  p21  level.  (A)  Overexpression 
of  BCCIP  enhances  p21  protein  level.  HT1080  cells  were  infected  with  HA- 
BCCIPa  or  HA-BCCIPp  expressing  retroviruses  and  selected  with  puromycin. 
Then,  p21  proteins  in  HT1080  cells  overexpressing  HA-BCCIPa  (lane  2), 
HA-BCCIPp  (lane  3),  or  vacant  vector  (lane  1)  were  measured  by  anti-p21 
blot  (top  panel).  HA-antibody  was  used  to  detect  the  exogenously  expressed 
HA-tagged  BCCIPa  or  BCCIPp  (middle  panel).  Anti-  p-actin  antibody  (bottom 
panel)  was  used  to  confirm  loading  of  equal  amount  of  total  proteins  in  each 
lane.  This  figure  shows  that  overexpression  of  BCCIPa  and  BCCIPp 
enhanced  p21  protein  levels.  (B)  Northern  blot  of  p21  mRNA  in  cells  over¬ 
expressing  BCCIP.  Equal  amounts  of  total  RNA  extracted  from  control  (lane 
1),  HA-BCCIPa  expressing  (lane  2),  and  HA-BCCIPp  expressing  (lane  3) 
cells  were  analyzed  by  Northern  blots  with  p21  cDNA  (top  panel)  and 
p-actin  cDNA  (bottom  panel).  This  figure  shows  that  expression  of  exogenous 
BCCIP  results  in  elevated  levels  of  p21  mRNA.  (C)  Quantification  of  relative 
p21  mRNA  levels  in  HA-BCCIPa  and  HA-BCCIPp  expressing  cells.  Shown 
are  quantified  p21  levels  as  normalized  to  the  actin  mRNA  level  (see 
"Materia!  and  Methods"  for  details). 


It  was  previously  reported  that  BRCA2  protein  inhibits  the  transcription 
activity  of  p53,  and  defect  of  BRCA2  results  in  elevated  p53  and  p21  protein 
levels.10,11  Since  BCCIP  also  interacts  with  BRCA2,1  we  hypothesized  that 
overexpression  of  BCCIP  may  affect  the  p21  expression  level  as  an  alternative 
mechanism  for  BCCIP  to  regulate  G^S  transition.  To  test  this,  HA-tagged 
BCCIPa/p  proteins  were  overexpressed  in  HT1080  cells,  and  the  p21  protein 
and  mRNA  levels  were  measured.  As  shown  in  Figure  6,  overexpression  of 
BCCIP  resulted  in  elevated  p21  protein  and  mRNA  levels.  BCCIPp 
increased  p21  mRNA  expression  by  220%,  while  BCCIPa  did  so  by  -180% 
(Fig.  6C).  Furthermore,  we  did  not  observe  a  stabilization  of  p21  proteins  in 
BCCIPa/p  overexpressing  cells  after  cycloheximide  treatment  (data  not 
shown).  This  suggests  an  alternative  mechanism  by  which  BCCIP  may 
regulate  Gj  to  S  progression,  i.e.,  stimulating  p21  expression.  In  addition, 
BCCIPp  had  a  stronger  effect  on  p21  mRNA  expression  than  BCCIPa  (Fig. 
6C).  This  may  explain  why  BCCIPp  inhibits  cell  growth  more  than 
BCCIPa  does  (Figs.  2  and  3)  although  it  had  a  weaker  interaction  with  p21 

(Fig.  1). 

DISCUSSION 

Although  both  BCCIPa  and  BCCIPp  colocalize  with  p21  in 
nuclei,  and  the  p21 -binding  domain  is  located  in  amino  acids 
161-258  of  the  common  region  between  BCCIPa  and  BCCIPP,  a 
previous  report  did  not  identify  an  interaction  between  BCCIPp  and 
p21  in  vitro.2  The  authors  speculated  that  the  BCCIPp  unique  C- 
terminal  region  (amino  acids  259  to  314)  may  have  interfered  with 
the  binding  between  p21  and  BCCIPp.  In  this  report,  we  demonstrate 
that  both  endogenous  BCCIPa  and  BCCIPP  can  actually  coprecipitate 
endogenous  p21  protein,  although  the  interaction  between  p21  and 
BCCIPp  is  relatively  weaker  than  that  of  BCCIPa  (Fig.  1). 
Therefore,  our  data  clarified  an  important  issue  on  BCCIP/p21 
interaction. 

Although  the  interaction  between  p21  and  BCCIP  suggests  a  role 
for  BCCIP  in  G^S  control,  no  cellular  evidence  has  been  documented 
before.  Our  data  showed  that  BCCIPp  also  inhibits  cell  growth  and  this 
inhibition  is  most  likely  due  to  an  inhibition  on  the  G^S  progression 
during  cell  cycle.  These  data  have  provided  cellular  evidence  that 
BCCIPp  is  a  new  regulator  for  Gj-S  progression.  We  further  demon¬ 
strated  that  BCCIP  regulate  p21  expression  as  a  mechanism  by  which 
BCCIP  may  regulate  Gj-S  progression. 

The  molecular  mechanism  by  which  BCCIP  regulates  Gx-S  progres¬ 
sion  is  largely  unclear  at  this  moment.  However,  several  scenarios  are 
worth  discussion.  First,  the  direct  interaction  between  BCCIP  and 
p21  may  affect  p21  s  effectiveness  toward  the  CDK2  activity  as  sug¬ 
gested  by  One,  et  al.2  Still,  this  mechanism  cannot  completely 
explain  the  phenotypes  observed.  Specifically,  BCCIPp  showed  a 
much  weaker  interaction  with  p21  than  BCCIPa  (Fig.  1),  yet  it  has 
stronger  inhibition  on  cell  growth  (Figs.  2  and  3).  Second,  overex¬ 
pression  of  BCCIP  may  stimulate  p21  expression  as  shown  in  Figure 
6  via  a  previous  unidentified  mechanism.  Obviously,  the  details  of 
this  mechanism  remain  to  be  elucidated.  However,  it  is  possible  that 
overexpression  of  BCCIP  may  reduce  BRCA2s  inhibitory  activity 
toward  p53,  since  it  was  previously  reported  that  BRCA2  inhibit 
p53's  transcription  activity;10,11  BCCIP  interacts  with  BRCA2,1  and 
p21  expression  is  largely  controlled  by  p53.12'15  Third,  it  is  known 
that  the  C-terminus  of  p21  is  the  substrate  for  AKT  phosphoryla¬ 
tion,4,6,16  which  regulates  the  PCNA-p21  interaction  and  the  the 
redistribution  of  p21  protein  between  nucleus  and  cytoplasm.6,16'18 
Since  BCCIP  interacts  with  this  C-terminal  domain  of  p21,  and 
BCCIP  is  largely  a  nuclear  protein,  it  is  possible  that  BCCIP  may 
play  a  role  in  retaining  p21  proteins  in  the  nucleus  thus  promoting 
the  inhibition  of  Gj-S  progression.  Alternatively,  BCCIP  may  regulate 
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the  Gj-S  progression  by  modulating  the  p21-PCNA  interaction,  a 
scenario  being  investigated. 

As  shown  in  Figure  4,  defect  of  p21  cannot  completely  abrogate 
the  Inhibition  of  cell  growth  by  BCCIPap,  It  is  possible  that  other 
CDK  inhibitors,  such  as  p27,  may  also  be  Involved  In  the  growth 
inhibition  by  BCCIR  It  is  Intriguing  that  an  elevated  p27  protein 
expression  can  also  be  detected  in  cells  overexpressing  BCCIP  proteins 
(Meng,  et  al.  unpublished  data).  Therefore,  It  Is  possible  that  BCCIP 
may  also  Inhibit  cell  growth  and  Gj-S  progression  via  a  p21 -indepen¬ 
dent  mechanism.  In  summary,  our  data  surest  BCCIPp  as  a  new 
regulator  for  G-S  progression  in  the  cell  cycle,  which  Is  partially 
related  to  Its  role  in  regulating  p21  function. 

References 

1.  Liu  J,  Yuan  Y,  Huan  j,  Shen  Z.  Inhibition  of  breast  and  brain  cancer  cell  growth  by 
BCCIPa,  an  evolutionarily  conserved  nuclear  protein  that  interacts  with  BRCA2. 
Oncogene  2001;  20:336-45, 

2.  Ono  T,  Kitaura  H,  Ugai  H,  Murata  T,  Ybkoyama  KK.  Iguchi-Ariga  SM,  Ariga  H.  TOK-1, 
a  novel  p21ar!-binding  protein  that  cooperatively  enhances  p21 -dependent  inhibitory 
activity  toward  CDK2  kinase.  J  Biol  Chem  2000;  275:31 145-54. 

3.  Yang  H,  Jeffrey  PD,  Miller  J,  Kinmican  E,  Sun  Y,  Thoma  NH,  et  al.  BRCA2  function  in 
DNA  binding  and  recombination  from  a  BRCA2-D$$l-ssDNA  structure.  Science  2002; 
297:1837-48, 

4.  U  Y,  Dowbenko  D,  Lasky  LA.  AKT/PKB  phosphorylation  of  p21c,P^AF1  enhances  pro¬ 
tein  stability  of  p21CtP/WAFl  and  promotes  cell  survival.  J  Biol  Chem  2002;  277:1 1352-61. 

5.  Scott  MT,  Morriee  N,  Ball  KL.  Reversible  phosphorylation  at  the  C-terminaf  regulatory 
domain  of  p21Wl/CsP1  modulates  proliferating  cell  nuclear  antigen  binding.  J  Biol  Chem 
2000;275:11529-37. 

6.  Rossig  L,  Jadidi  AS,  Urbich  C,  BadorfF  C,  Zether  AM,  Dimmeler  S.  Akt-dependent  phos- 
photylarion  of  p21ClP!  regulates  PCNA  binding  and  proliferation  of  endothelial  cells.  Mol 
Cell  Biol  2001;  21:5644-57. 

7.  Meng  X,  Liu  J,  Shen  Z.  Genomic  structure  of  the  human  BCCIP  gene  and  its  expression 
in  cancer.  Gene  2003;  302:139-46. 

8  Vmdelov  LL,  Christensen  IJ,  Nissen  NL  A  detergent-trypsin  method  for  the  preparation  of 
nuclei  for  flow  cytometric  DNA  analysis.  Cytometry  1983;  3:323-7. 

9.  Bunz  F,  Dumaux  A,  Lengauer  C,  Waldman  %  Zhou  S,  Brown  JR  et  al.  Requirement  for 
p53  and  p21  to  sustain  G2  arrest  after  DNA  damage.  Science  1998;  282:1497-501. 

10.  Marmorstein  LY,  Ouchi  T,  Aaronson  SA.  The  BRCA2  gene  product  functionally  interacts 
with  p53  and  RAD51.  Proc  Natl  Acad  Sri  USA  1998;  95:13869-74. 

1 1 .  Patel  KJ,  Yu  VP,  Lee  H,  Corcoran  A,  Thistlethwaite  FC,  Evans  MJ,  et  al.  Involvement  of 
Brca2  in  DNA  repair.  Mol  011  1998;  1:347-57. 

12.  Ei-Deiry  WS,  Tokino  T,  Velculescu  VE,  Levy  DB,  Parsons  R,  Trent  JM  et  al.  WAF1,  a 
potential  mediator  of  p53  tumor  suppression.  011  1993;  75:817-25. 

13.  El-Deity  WS.  Regulation  of  p53  downstream  genes.  Semin  Cancer  Biol  1998;  8:345-57, 

14.  El-Deity  WS.  p21/p53,  cellular  growth  control  and  genomic  integrity.  Curr  Top  Microbiol 
Immunol  1998;  227:121-37. 

15.  O’Connor  PM.  Mammalian  and  C2  phase  checkpoints.  Cancer  Surv  1997;  29:151-82, 

16.  Zhou  BP,  Hung  MC.  Novel  targets  of  Akt,  p21CjPl/WAF1,  and  MDM2.  Semin  Oncol  2002; 
29:62-70. 

17.  Zhou  BP,  Liao  Y,  Xia  W,  Spohn  B,  Lee  MH.  Hung  MC.  Cytoplasmic  localization  of 
p2Ic,pi^CAFl  by  Akt-induced  phosphotylarion  in  HER-2/neu-overexpressing  cells.  Nat 
Cell  Biol  2001;  3:245-52. 

18.  Blagosklonny  MV.  Are  p27  and  p21  Cytoplasmic  Oncoproteins?  Cell  Cycle  2002;  1:391-3, 


348 


Cell  Cycle 


2004;  Vol.  3  Issue  3 


